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ABSTRACT
An Intensity Scale Sensitometer for testing the photographic response
of Graphic Arts materials was built and evaluated. The sensitometer
utilizes a stepped area diaphragm and a cylindrical lens to produce a
stepped illuminance distribution at the film plane. Both tungsten and
pulsed xenon lamps are provided. A computer aided study was used to
find the optimum lamp position with respect to the reflector. A scanning
-aperture type shutter located at the stepped diaphragm and a knife edge
aperture located at the lens are used to control exposure duration and
intensity. The main advantage of this sensitometer is the production of
an intensity scale without interposing a light absorbing step wedge.
ii
This permits graphic arts screens to be overlayed directly on the film
simulating practical exposures. The unique ability of this sensitometer
to provide complete
"system"
photographic response (density - vs - log
exposure or percent dot - vs - log exposure) was demonstrated through
the use of practical exposures. The spectral distribution at the exposure
plane and absolute Irradiance at each exposure step were measured.
Exposure uniformity is estimated to be better than 2% for tungsten and
4% for pulsed xenon.
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SECTION ONE - BACKGROUND
HISTORICAL
Initial interest in building an intensity scale sensitometer began
at the 3M Company, St. Paul, Minnesota. A number of parts were
donated by the 3M Company including the following:
4 Tungsten Halogen lamps (200W)
4 Pulsed Xenon lamps G. E. PXA-43
Cylindrical Achromat Lens (f = 240 mm)
Shutter Assembly
D-C Power Supply (E.G.G.)
Pulsed Xenon Power Supply
Cabinet for Electronics
The project was not completed, and the purchased parts were given
by the 3M Company to the Rochester Institute of Technology. At R.I.T. ,
Swanimathan Kalyanam completed the design work and built a prototype.
The prototype was not suitable as a reference sensitometer due to the
difficulty in. precisely aligning the optical system and the Instability of
the frame which controlled the relative position of components. The
design presented here emphasizes both technical and practical aspects
ln an attempt to construct a useable reference sensitometer.
INTRODUCTION
The exposure used to sensitometrically test photographic film may be
achieved In a number of ways. Since the exposure is a product of time
and intensity, the exposure may be modulated by varying either time or
Intensity. The first group of sensitometers, known as time scale sensi
tometers, have limited application due to the reciprocity law failure of
*
photographic film. The second sensitometer type, intensity scale, has
wider application because it averts the reciprocity law failure and also
more closely simulates the way the film is exposed in practice.
Production of an intensity scale is most often accomplished by inter
posing an optically absorbing tablet between the light source and the
film. Optical tablets are difficult to make spectrally neutral either because
of the spectral transmittance of the absorbing medium (usually colored
glass or dyed gelatin) or because of scattering in the case of particulate
absorbers (collodial carbon or developed silver) . Life is an important
consideration with optical absorbing tablets since the film may make
physical contact with the tablet and will ultimately abrade the surface.
Optical wedges, however, do offer a combination of relative low cost
and simplicity that make them preferred in a number of applications.
Methods other than optical tablets are possible for the production
of an Intensity scale. Devices designed for this purpose can be divided
Into two main categories. The first type is known as a "high frequency
rotating
sector"
sensitometer. Rotating sector sensitometers make use
of the fact that intermittent exposures of the same average intensity
become 'equal in their photographic effect when the frequency exceeds
a certain critical
value."1
When designing a sensitometer to be used
as a standard, it is undeslreable to impose conditions such as exceeding
a minimum exposure frequency. The second non-wedge intensity scale
sensitometer is known as the "stepped
diaphragm."
Stepped diaphragm
sensitometers usually employ a cylindrical lens to produce an intensity
scale without the problems or assumptions inherent in either the optical
wedge or the rotating sector sensitometers. The idea of using a stepped
diaphragm and cylindrical lens to produce an intensity scale distribution
2
was fir it proposed by T. Guilloz in 1909. A number of improvements
have been suggested by Callier , Miller , and Morrison , most of which
were Intended to Improve the efficiency. The design proposed here is
most similar to the design originally proposed by Callier with some addi
tional modifications, primarily to the light source.
Requirements of the Sensitometer
The final sensitometer design is a balance between the technical
requirements and human factors. The intensity scale sensitometer was
designed to meet the following criteria:
Exposure should be reproducible .
The lamp intensity and spectral distribution should be constant.
The exposure duration should be adjustable within the limits for
which the film is used in practice.
The log exposure range should cover the range normally encountered,
The exposed strip size should be compatible with a nitrogen burst
agitation system.
The sensitometer should be convlent to use.




Lampboard geometry changed to produce similar illuminance distri
butions for the two lamp types.
Selection of lampboard parameters (a, b) was made using all 4 lamps
to calculate the illuminance distribution. This produces a result
significantly different than when using a distribution with only 2
lamps as done by Kalyanam.
The shutter was moved from the lens plane to the diaphragm plane to
simplify the intensity distribution during exposure.
An optical bench arrangement is provided to permit and maintain
precise optical alignment of the diaphragm lens system.
A number of design features are included to make the sensitometer
easy to use and maintain. Among these features are: interchangeable
diaphragm assembly- translation stage for optical alignment, large
vacuum easel, removable access panels, and wall mounting to
provide a compact easily acces sable unit.
A standard graphic arts easel enables the sensitometric exposures of
large (11 x 14) film samples. Up to 3 - 35 x 105 mm strips can be
exposed simultaneously.
Principle of Operation
This sensitometer utilizes a stepped area diaphragm and a cylindrical
lens to produce a stepped Illuminance distribution. The system is
essen-
tlally the same as proposed by Callier. However, a diffuse reflecting
surface, R with lamps spaced at the appropriate distance replaces the
use of diffusing glass. This arrangement minimizes changes of the
spectral output of the lamps as would be encountered with a diffusing
screen or an integrating sphere due to multiple reflections. Light
passing through the stepped area diaphragm, D (see Fig. 1) from the
uniform reflecting surface strikes the cylindrical lens. Using Hansen's
convention of two orthogonal planes, Figure 1 shows imaging in the
convex lens plane and smearing in the null lens plane.
The shutter is of the "focal
plane"
type and is located at the object
plane (stepped diaphragm). Exposure begins as the shutter plate opens,
traversing from the lowest Illuminance area to the highest., Exposure is
terminated by a trailing plate which follows after a predetermined exposure
time. Placing the shutter at the diaphragm simplifies the exposure
distribution so that at any point in the exposure plane the illuminance
distribution is either a constant or zero. The ratio of intensities at the
image plane is dependent, neglecting flare, on the ratio of diaphragm
step widths. Since this sensitometer is intended for graphic arts appli
cations, the log exposure range is limited to 2. Consequently the area of
the first step is 1/100 that of the 21st step. The overall illuminance is
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SECTION TWO - GENERAL DESIGN
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Design Introduction
The design of the intensity scale sensitometer can be divided into a
number of interacting component segments. Roughly these segments are:
1 - Light Source Selection
2 - Light Source and Reflector
3 - Lampboard Layout
4 - Lens Conjugate Distances
5 - Exposure Mask
6 - Shutter
Lamp Selection
In the graphic arts industry both incandescent and xenon lamps are
used extensively. The Incandescent lamp chosen for this sensitometer
was a General Electric Tungsten Iodide Quartzline bulb. This type was
chosen because of its relatively stable light output over the lifetime of
the lamp, approximately correct luminous Intensity, and convenient size.
The xenon arc lamp chosen was the General Electric PXA-43. The PXA
series of lamps were specially designed for the graphic arts industry
and are prevalent in the field. This lamp is a straight tube design
making it easier to calculate the reflector illuminance distribution. The
spectral distribution ranges from 400 - 800 nanometers and simulates
a daylight color balance.
11
Reflector - Lampboard Design
In selecting a lamp reflector, geometry factors such as uniformity
of illuminance and simplicity of construction were considered. The
geometry used by Kalyanam satisfied these two criteria; however, some
changes have been made. This was done primarily to make the illumi
nance distribution of the two lamp types more similar and to reduce the
overall size of the lampboard and reflector assembly.
The original design used by Kalyanam arranged the lamps ln two
square arrays rotated 90 degrees with respect to one another. The
minimum lamp spacing, a, was limited in this arrangement by the physical
dimensions of the lamps. The lamp arrangement has been changed so
that the lamps form a square with the PXA and Quartz lamps located
parallel to each other on the sides of the square. This arrangement
permits the illuminance distribution to be similar for the two lamp types
(see figure 2).
The purpose of the lamp-reflector assembly is to provide a source of
uniform illuminance so that the exposure across the exposure area will be
uniform. To establish the optimum reflector geometry, the illuminance
for various points on the reflector P/x y\ must be calculated.
To calculate the illuminance at the reflector, the lamps are assumed
to be point sources and of equal Intensity.
For the sake of simplicity, the contribution at a point P(x,y) on -he









































extended to include the other three lamps.
It can be seen from Figure 2 that the Illuminance at point P#x \ is






where I is the intensity of the lamp under consideration, r is the distance
from the lamp to the point P/x y\ , and jZTis the angle from the lampboard
normal at Lj to the line r, . From Figure 3 it can be seen that the length
of r. can be expressed in terms of a, b, x, y.
































































Using the cosine J0fj relationship, the contribution of the illuminance
at point
















P(x,y) "b2 ( (a +x)2 /b2 +y2/b2 +1 )3/2
El = Ii
1






In a similar manner the contribution from the other lamps becomes:




y/b)2 + (x/b)2 +1
)3/2
E3 -ia. I







P(x,y) b2 ( (a/b - y/b)2 + (y/b)2 + 1 )3/2
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Using this equation, the illuminance can be calculated for any
point
P- -
on the reflector. A series of plots showing Ep versus
(x,y)
x/4) for various values of y/b are shown for values of a/b from 0.1 to 0.9.
Lampboard -Reflee tor Design
In the preceding section, it was determined that the illuminance
distribution is most uniform for the ratio a/b = 0.85. For values of a/b
less than approximately a/b
= 0.85 , the illuminance distribution peaks
In the center and decreases in all directions from the center. For values
of a/b greater than a/b = 0.85, the distribution has four peaks approxi
mately corresponding to the projection of the lamps. Seen in cross
-
section, the illuminance distribution first increases and then decreases
as one proceeds out from the center of the reflector.
To fix the values of a and b, a maximum deviation of 0.5% in
illuminance across the reflector was chosen. From the illuminance
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X Y Ll L2 L3 L4 EBt-2/I NORM E
0.00 0.00 0.4428 0. 4423 0.4423 0.4423 1 . 7694 1 . 3900
0.80 0. 10 0.4335 0. 3311 8. 4385 0.5128 1
-.'? fi *
1 1 u x 1 . 8884
0.00 0.20 0.4274 0. 3233 0.4 274 0.5894 1 7 ~?
" "
. 1 1 i.. L. 1.8816
0.00 0 . 30 8. 4893 0.
OOO -r 0. 4098 0.6727 l . 7749 1.3031
0.10 8.00 8.33U 8. 4 335 0.5120 0.4 385 1 .770 3 1 , 8004
0. 10 0 . 1 0 0.378 J. 0. 3781 0.50 71 0.50 71 1 .7704 1 . 0086




0. 4930 0.5333 1 .7713 1 .081 1
0.10 0.30 8.3556 0. 280? 0.4707 0.6650 1
~.\~.f '.' 1
ri'i 1.0815
0.23 0. 00 0. 3281.1 0. 4274 0.5894 0.4274 1
f "f -. -.
1 1 i.i.. J .0816
0.20 0 . 1 0 0. 3257 0. 8694 0.5838 8.4930 1 7713 1.0811
0.20 0.20 0.3189 0. 3189 0.5654 0.5654 1 1 1 ..Zoj 0. 3995
0.20 0 . 38 0.30:.:7i 8. 2754 0.5376 0.64 29 1 . 7639 0.9969
0.30 0. 0U 0. 2325 0. 4093 8.672? 0.4090 1 7749 1 .0081
0.30 0 . 1 0 "i.2oi'"i? 0. 8556 H. 6658 0.4707 !. 7721 1.0015
0.30 0. 20 0.275 1 0. 3O80 fi.64 29 0.5376 1 7639 0. r'-<69
0.30 0 . 30 0.2669 0. 2669 0. 6 .'06 0.6086 1. 7509 0.3395
Table 1 (cont.)
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difference in illuminance was less than or equal to 0.5% occurred at
x/b = 0.3, y/b =0.3. It can be seen from Figure 6 that the size of this
reflector depends on the lens to reflector distance and the field angle.
The field angle and the lens to reflector distance except length b are
set by mechanical or optical requirements.
Figure 6 diagrammatically shows the layout of the reflector,
diaphragm, lens, and film plane. The field angle and lens conjugate
distances were set by the desired magnification and the lens focal length.
The diaphragm to lampboard distance was set by the physical dimensions
of the shutter. The remaining segment of the lens to reflector distance
^lampboard to reflector) was chosen to satisfy conditions of illuminance
uniformity over the area (x,y) seen by the diaphragm. To meet the criteria
of illuminance uniformity, that is difference in illuminance less than or
?equal to 0.5%, the distances x/b and y/b are limited to x/b = 0.3,
y/b = 0.3. The field angle is set by the diaphragm size and the lens to
diaphragm distance.
Field Angle (9)
Lens to Diaphragm Distance (d)
Diaphragm Width (w)
tan 0 = w/i = 2.625 cm / 36cm = 0.0729
From Figure 6 it can be seen that the distance x can be written in
terms of the lens to lampboard distance (L) and the lampboard to reflector
distance (b).









By imposing the condition of uniformity over the reflector, a minimum
value for b can be found.
x/b =0.3
x = .3 b
(L +B ) tan 6 = 0.3 b
LtanO = (0.3 -tan 8) b
L tan 0 = b
{0.3 - tan 9
56 cm (0.0729) _ .
(0.3-0.0729)
17.98 cm = b
**nln =l7-98 cm
Having set the distance b,the lamp location (a) is set by the ratio
a/b = 0.85.
-(a/b) x b
= a = 0.85 x 17.98 = 15.28 cm
As can be seen from Figure 7, the actual positions of the Quartz Halo
gen and Pulsed Xenon lamps cannot overlap exactly- The values of a














Table 2 shows the exact illuminance across the reflector for each of












From the physical considerations of the lamps, values for a, and
d
b . are found to be:
d
ad =1.2 cm
bj = 2.3 cm
Then from the above formulas, the values of aQ and bQ, and ap and
bp can be calculated.
Quartz
&q
~ 15.28 + 1.2/2 = 15.88 cm
bQ
= 17,98 - 2.3/3 = 16.83 cm
PXA ap
= 15.28-1.2/2 = 14.68 cm
bp
= 17.98 + 2.3/2 = 19.13 cm
It can be seen from Table 2 that the maximum illuminance deviation
for theQuartz lamp was +1 .2% and the maximum Illuminance deviation for
the Pulsed Xenon distribution is -2.0%.
25

















2.30 1 . 00
2. OO 2.O0
2. 00 3. OO
2.00 4 . OO
2.00 5.00
3.O0 0.00






4. 00 1 . OO
4.08 2.08
4.00 3.00
4.00 4 . OO
4.00 5.00
5. On 0.00







.13 fl fc=- 0. 7675378*9
X/B Y/B EB*2/I NORMAL J ZED E6t2 1
0.00 O.OO I .9968 1 . 0000
0.00 0.05 1 . 9964 0.9998
0.00 0. IO 1 . 9952 0.9992
0.00 0.16 1 7 JCnL 0.9982
O.OO 0.21 1 .9903 . 0.9967
0.00 0.26 1 .9361 0.9947
0.05 0.00 1 .9964 0.9998
0.05 0.05 1 .9960 0.9996
0.05 0.10 1 .9947 0.9990
0.05 0.16 1 .9925 0.9979
0.05 0.21 1 .9393 0.9963
.05.'
0..26 1 .9849 0.9341
0.10 0.00 1 . 9952 0.9892
0.10 0.05 1 .3947 0.999O
0.10 0.10 1 .9931 0.9932
0. 10 0.16 i.. 9985 0.9968
0.10 0.21 1 . 9866 0. 9949
0. 10 0.26 1..9314 0.9923
e. ie 0.00 1..9932 8.9982
0.16 0.05 1..9325 . 0.9979
0.16 0.18 1 . 9905 0.9963
0.16 0.16 1, 9S70 0.3951
0.16 0.21 1..9320 0.9926
0.16 0.26 1. 9755 0.9893
8.21 O.OO 1. 9903 0.9967
0.21 0.05 1. 9893 0.9963
0.21.
'
0.10 1. 9866 0.9949
0.21 0.16 i. 3828 0.9926
8.21
'
0.2J 1. 9756 9.9394
0.21 0.26 1. Ct
7* I"
0.9852
0.26 O.OO 1. 956 1 0.9947
0.26 0.85 1. 9849 0.9941









0.26 0.26 1. 9368 O.9300
Table 2
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Relative Illuminance at the Reflector with Pulsed Xenon Lamps
B= 16.33 fl/B= 0 .-94373 14 32
V Y X/B Y/B 8+2/ I NORMALIZED EBtL/I
.09 O.OO O.OO O.OO 1.5337 l.OOOO
0.00 1 . 00 O.OO 0.06 1 . 5395 i . O0O5
0.00 2.00 O.OO 0 . i 2 1 . 54 J 3 I . 020
0.00 3.00 0.00 0. 18 1.5456 1,0045
0.00 4.00
0.00'
0.24 1.5509 I . 0080
.oo 5.00 0.00 -0.30 1.5577 1.0123
1 . 00 O.OO 0.06 O.OO i.5395 I . OO05
1 . 00 1 . 00 0.06 0.06 1.5402 I . OOI 0
1 , 00 2.00- 0.06 0.12 1.5423 . I . 8024
1 00 3.00 0.06 0.18 1.5459 I.O047
1.00 A . OO 0.G6 1.5510 . . OOOO
1 . 30 5.00 0,06 0.30 1.5573 1.0121
2.A0 0.00 0.1.2 0. 00. .1.54.1.3:I . O02O
2.00 1.00 0.12 . 0.06 1.5423 jt . O024
2.00 2.00 0.12 0.12 1 . 544 1 : . . 0035
2.00 3.00 0. 12 0 . 1 8 . .1.5470 11 . 0O54
2.00 4 r 00 0.12 0.24 1.5512 3i.0081
2.00 5.00 0.12 O.30 1 . 5564 1 .0115
3.00 0. 00 0. 18 O.OO 1.5456 '!1 . 0045
3.00 1 . OO 0.18 0.06 1 . 5459 J1.0047
3.00 2.0O 0. 18 0.12 1.5470 3I . 0O54
3.00 3.00 0.18 0 . 1 3 1.5489 1I . 0066
3.00 4 .
OO'
0. 18 0.24 1.5516
'
1 .O034
3. 00 5.00 0. 18 0 . 30 1 . 5558 ].. 0106
4.00 0.00 0.24 O.OO 1.5509 3l .
0080'
4.00 1.00 0.24 0. 06 t.5510
"
3 . 0O88
4.00 2. 00 0.24 0.12 1.5512 3 .0081
4 . 00 3. 00 0.24 0.13 1.5516 31 . 0834
4.00 4.00 0.24 0.24
< CL'V-i A
1 . JJi'i 1 . 0888
4.00 5.00 0.24 0.30
r:-cr'"i',i j
1 . JOCiC , 8094
5.00 0. 00 0. 33 0.60
1
i"
tr -7 "7 1
. 0 1 23
5. OO 1 . 00 0.30 0. 06 1,5573 i '.0121
5.00 2.00 0.30 0. 12 I . 5564 31.0115
5.00 3. 00 0. 30 0. 18 . . 1 , 5558 1..0106
5.00 4 . 00 0 . 30 0.24 1 . 5532 1 . 0094




Several constraints were placed on the selection of the conjugate
distances. First, the focal length of the cylindrical achromat lens and
the dimensions of the diaphragm were already fixed. Second, the size
of the exposure area should be compatible with the nitrogen burst agita
tion system. The overall length of the exposure area was chosen to be
approximately 100 mm. If each step is chosen to be 5 mm in width, then
the 21 step exposure area would then be 105 mm. This is compatible with
the nitrogen burst agitation system. By setting the step width equal to
5 mm, the system magnification becomes the ratio of diaphragm step
width to the exposure plane step width.
h'
5
M = = = 2.0
h 2.5
Since the magnification and the focal length of the lens are known,
the axial object distance s and the axial image distance
s'
can be
calculated from the following formulas:
s =(1 + lAflf = (1 + 1/2) 240 mm = 360 mm
s'
= (1 + M) f = (1+2) 240 mm = 720 mm
28
Exposure Mask
A mask limiting the exposure area on the vacuum easel Is necessary
so that the exposure area Is limited to a region that is uniform ln illumi
nance and also to limit the exposure to a size compatible with the nitro
gen burst agitation system. Since the optical system is anamorphic in
nature, the exposure mask size must be calculated from different criteria
in the two orthogonal planes.
*
The length of the mask (L) is set by the field angle 9, the lens to




m) 2 tan 9 where 0 is the field angle
(see fig. 8 )
L= (720 -100) 0.1458 = 90.398 mm
The mask width is limited by the exposure uniformity due to limited
lens size. Figure 9 illustrates that the Illuminance at the exposure plane
ceases to be uniform at a distance p from the optical axis due to the
attenuation of light by the lens assembly. The distance p can be calcu
lated using the length of the diaphragm steps (1^)* -^e length of the lens,
and the tangent of the angle P as shown ln Figure 9.
tan P = (lx
- ld) /x = (39.75 - 26,25) / 360
tan P = 0.0375
tan 9 =w/d = 2.625 /36 = 0.0729







P = ld + (s + s') ( tan P )
P = 26.25 mm + (360 + 720) (0.0375)
P = 66.75
The mask width chosen must fall within this maximum. The actual
mask width was chosen to comply with the nitrogen burst parameters and
the desire to expose three sensitometric strips simultaneously. The











m = distance from optical axis to maximum
mask position
w = sensitometric step width (35 mm)
s = separation between adjacent sensitometric
strips (5 mm)
m = w + w/2 + s
m=1.5w + s = 1.5 (35) +5 = 57.5 mm





The shutter assembly used In this sensitometer is of the focal plane
type. The operation of the shutter Is illustrated in Figure 11. Two sliding
metal plates are used to open and close the shutter on command from an
electrical timer. The shutter is reset by a motor assembly that drives the
two metal plates until they are locked by a pair of solenoids. The expo
sure sequence begins by the actuation of one of the solenoids to release
the metal plate blocking the aperture. A spring assembly retracts the
plate to reveal an open aperture. An electrical timer actuates a second
solenoid releasing a second plate that slides into position to block the
aperture and terminate the exposure. The two plates slide in the same
direction so that at any point the aperture is clear for the desired
exposure time. The shutter was originally designed to be used at the
lens plane; however, this leads to a complex Illuminance distribution
with time when the shutter is neither fully open or fully closed. Even if
one assumes that the Illuminance at any point in the exposure plane is
directly related to the proportion of open area of the shutter, then during
the opening and closing segments of the exposure the exact illuminance
is still dependent on the position with respect to time of the shutter
plates. At long exposure times this effect is very small; however, the
entire problem can quickly be eliminated by moving the shutter to the
object plane (diaphragm). In this configuration, the shutter plates are
Imaged in the exposure plane, thus at any point in the exposure plane




















SECTION THREE - COMPONENT LAYOUT & ASSEMBLY
36
Component Layout
In the preceding sections, the distances for reflector to lampboard,
lampboard to diaphragm, diaphragm to lens, and lens to exposure plane
have been selected. Rational has also been presented for the location
of the shutter and exposure mask. Figure 13 diagrams the location of
the essential optical components.
General Assembly
The considerations for construction of the sensitometer require it to
be as compact as possible, rugged, and easy to use. The main
"heart"
of the sensitometer is the stepped area diaphragm and cylindrical lens.
To maintain proper optical alignment these components are mounted on an
optical bench. Aside from being physically rigid, the optical bench affords
a degree of flexibility in the event that the lens conjugate distances or
magnification need to be changed. The optical bench is mounted to a
tubular steel main frame. The main frame provides a dimensionally
stable base for mounting all the other sensitometer components. It also
provides an exoskeleton for metal sheeting to exclude dust and light.
The shutter assembly is mounted to the main frame using mechanical
vibration isolators to prevent vibration of the optical components. A
standard graphic arts vacuum easel was chosen so that test exposures
could easily be made on large area film samples. To facilitate mainte
nance, removable access panels are provided
where necessary. The over
























a wall above the electronics cabinet in a standard height room. The
exposure plane is at such a height as to be convenient for an operator to
insert and remove film samples.
Main Frame




steel tubing. Tubing was
selected because of its high strength and low weight. Steel was used
rather than other materials because of cost and the desfre to mount
components directly by tapping. The overall height of the frame was
determined by the reflector to exposure plane length. The total height
of 1542 mm is the sum of the following distances:
reflector to lampboard 204 mm
lampboard to diaphragm 200 mm
diaphragm to lens 360 mm
lens to exposure plane 720 mm
vacuum platen mounting 50 mm
The frame width at the top was necessary to accommodate the shutter
assembly length with the shutter aperture centered at the optical axis
(340 mm from optical axis to right side) and the lamp spacing distance
(250 mm).
The height of the upper section (633 mm) was chosen to accommodate
the reflector to lampboard distance and the verticle height of the shutter
with some additional room for shutter adjustment.
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The lower section length (794 mm) is set by the diaphragm to lower
section distance (337.35), the diaphragm to film plane distance (1080 mm)
and the vacuum platen thickness (50.8 mm). The depth of the upper
section was set by the total lamp assembly length (365.2 mm) plus 17.4 mm
on either side for wiring. The width and depth of the lower section was
set by the vacuum easel size (412.75 x 368.3 mm).
Optical Assembly
A 1 meter optical bench comprises the main backbone of the sensito
meter. The stepped area diaphragm is mounted on a sliding carriage in a
removable holder. This holder arrangement provides the ability to easily
change diaphragm types. The screw mounts holding the diaphragm assembly
to the carriage provides adjustment in the y direction so that the optical
axis can be made to fall directly in the center of the vacuum platen.
The mounting assembly for the cylindrical achromatic lens uses a
sliding optical bench carriage to provide flexibility in the optical arrange
ment. Since the system is anamorphic, no adjustment is needed in the y
direction. To provide overall intensity adjustments, a pair of knife edges
are provided at the lens plane. The knife edges open and close by rotating
a shaft in which opposing screw threads have been cut. The knife edges














B - Quartz Halogen Lamps
C - Pulsed Xenon Lamps
D - Shutter Assembly
E - Optical Bench
F - Lens and Aperture Assembly
Figure 15 Optical Assembly
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Lampboard and Reflector
Most of the parameters for the lampboard reflector combination have
already been fixed. To provide uniform illuminance across the reflector,
the values of a = 15.28 cm and b =17.98 cm were selected. Due to a
consideration of minimum lamp dimensions, the position for the two lamp
types were found to be:
Quartz a =15.88 cm, b
= 16.83 cm
PXA a = 14. 68 cm, b = 19.13 cm
The minimum lampboard size that could accommodate these lamp
spacings would be approximately 36 cm square. To provide space for
wiring the lamps, the lampboard area was expanded to 40 cm square. To
simplify construction, the lampboard was extended beyond the minimum
to the length required by the shutter assembly (340 mm). The aperture
in the lampboard was chosen by the lens to lampboard distance and the
field angle 56 cm x 0.0729 = 4.08 cm.
To assure uniform reflectance over the reflector area and over the
spectral range of interest, Kodak High Reflectance Paint was spray coated
on the aluminum reflector plate per the manufacturer's recommendation.
Mounting the Shutter
The shutter location was mounted as close as physically possible
to the stepped area diaphragm to simplify the exposure versus time

















B - Tungsten Lamps




vibrations developed by the shutter, it was decided that it should be
mechanically Isolated from the optical components. Rubber vibration
isolators were used to mount the shutter directly to the frame. The vibra
tion isolators were mounted so that the isolator's shear plane was parallel
to the direction ln which the shutter plates move in order to provide the
best isolation. Most of the vibrations would be limited to this plane due
to the rapid accelerations and decelerations of the shutter plates.
Lens Assembly
The lens assembly shown in Figure 19 was designed to precisely
locate the cylindrical lens along the optical axis. The entire assembly
is mounted to move as a unit with the optical bench carriage. This
facilitates adjustments such as might be required by a change in magni
fication. A translation stage is provided to precisely align the lens in the
x direction. Since the system is anamorphic, no adjustment is needed
in the piano axis (y direction). To provide overall illuminance adjust
ments, two knife edges are located as close to the lens principle planes
as is physically possible. The knife edges are designed such that the
light attenuation remains symmetric when an adjustment is made to the
translation stage.
Diaphragm Assembly
To facilitate flexibility in optical adjustment, the diaphragm assembly
is mounted on an optical bench carriage. The diaphragm is held in place
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A - Shutter Control Wiring
B - Open/Close
Release Solenoids
C - Stepped Area
Diaphragm
D - Reset Motor
Drive




























A - Translation Stage Micrometer
B - Optical Bench Holder
C - Aperture Lead Screw Control
D - Knife Edge Aperture
Figure 20 Lens and Aperture Assembly
49
by a slot arrangement which will allow easy Interchange of diaphragms.
Provisions are made in the mounting for adjustment ln the y direction so
that the optical axis can be made to fall directly in the center of the
vacuim easel. The diaphragm is set below the optical bench carriage
so that It can be placed as close to the shutter as possible.
Stepped Area Diaphragm
The stepped area diaphragm, used in this sensitometer, was
specially designed for this application by S. Kalayanam. (See pages
60 - 70 of S. Kalayanam's M. S. thesis for complete construction details.)
The diaphragm provides an accurate series of 21 steps, each 2.5 mm
in height and varying in width from 0.5 mm to 50.0 mm in 0.1 log units.
The overall dimensions of the diaphragm are 2-l/4"x 2-l/4"x .060".
The glass plate diaphragm was preferred to a film type due to dimensional
stability considerations. The diaphragm was produced by coating the
thickness glass plate with chromium to a thickness of 80 mm. The
photographically reduced diaphragm image was etched into the chromium
by masking the desired opaque area with positive photoresist. To assure
proper sizing of the diaphragm steps, Kalayanam measured the exact
size with a visual comparitor capable of measuring to .0025 mm. The










A - Stepped Area Diaphragm
B - Diaphragm Holder
C - Optical Bench Stage
Figure 22 Stepped Area Diaphragm Assembly
52
Desired Actual Actual
Step width mm width mm % Error hght. mm % Error
1 0.5000 0.5075 +1.49 2.5283 +1.13
2 0.6295 0.6388 +1.47 2.5268 +1.07
3 0.7924 0.8037 +1.42 2.5475 +1.09
4 0.9976 1.0109 +1.33 2.5243 +0.97
5 1.2559 1.2699 +1.12 2.5250 +1.00
6 1.5811 1.5983 +1.09 2.5220 +0.88
7 1.9905 2.0134 +1.15 2.5*230 +0.92
8 2.5059 2.5365 +1.22 2.5283 +1.13
9 3.1548 3.1835 +0.91 2.5288 +1.15
10 3,9716 3.9668 -0.12 2.5238 +0.95
11 5.0000 4.9645 -0.71 2.5245 +0.98
12 6.2946 6.2543 -0.64 2.5293 +1.17
13 7.9245 7.9411 +0.21 2.5253 +1.01
14 9.9763 9.9653 -0.11 2.5233 +0.93
15 12.5594 12.5293 -0.24 2.5218 +0.87
16 15.8113 15.7844 -0.17 2.5280 +1.12
17 19.9053 20.0586 +0.77 2.5105 +0.42
18 25.0593 24.9941 -0.26 2.5180 +0.72
19 31.5479 31.4249 -0.39 2.5280 +1.12
20 39,7164 39.5456 ! -0.43 2.5340 +1.36
21 50.0000 49.8150 -0.37 2.5363 +1.45
Table 4 Width & Height of Diaphragm Steps
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SECTION FOUR - SENSITOMETER EVALUATION
54
General Conditions of Sensitometric Test
The photographic system used in evaluating the sensitometer was
the Du Pont Engineering Negative EN, 24C processor combination. This
film is a high contrast film, comparable to EK Supernegative. It is
extensively used in the graphic arts and reproduction fields. The
processing method was a Du Pont 24C automatic processor with Du Pont
24DL developer for 22.5 seconds. (See Appendix 2 for a specification
sheet on EN film.) In all exposures, the specification listed in the
design section for lamp geometry and lens conjugates was used. The
knife edge aperture was opened eight revolutions of the lead screw from
full closed on both PXA and quartz halogen exposures.
The spectro-radiometer system used for testing the sensitometer was
the EG & G 550-1 digital radiometer, 550-2 type A silicon multiprobe,
555-61 monochrometer assembly and 555-62 filter wheel. The manufacturer's
estimated accuracy on irradiance measurements (watt/fern--) is 7%.
Measurement of Spectral Irradiance
Measurement of the spectral energy distribution was made using an
EG & G 555 spectral radiometer system. The influx of the grating/detector
head was aligned to correspond to the center of the 11th exposure step.
The spectral distribution contributions from the lamp system, lampboard
reflector, stepped area target substrate (glass), and the cylindrical lens
(glass). No attempt was made to characterize each individual contribution
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since It is the combined effect which is Important in practical use.
Figure 23 shows the relative irradiance for wave length from 280 to 1100 nm
for both the pulsed xenon and quartz halogen lamp systems. The highest
value in the series of reading for each lamp system was defined equal
to one with all other values falling between zero and one. The two
relative scales, therefore, have different scaling factors but are related
by the ratio of the maximum xenon to maximum quartz reading (104/33.3 =
3.123). It can be seen from Figure 23 that the pulsed xenon has a sig
nificantly larger proportion of energy in the region useful for exposing
ortho type films, making the exposure time shorter. The pulsed xenon
spectral distribution shows a fairly uniform region between 460 and 800 nm
along with sharp peaks corresponding to spectral emission lines. The
quartz halogen distribution is a more smoothly changing distribution
corresponding more closely to the typical "black
body"
radiator. The
unusual "dish "occurring at approximately 820 nm may be absorption of
some portion of the optical system. It is probably not important as it is
beyond the range of most films to detect.
Both Figure 23 and Table 5 are included as reference materials when
considering the film/sensitometer combinations, as
well as for comparison
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Figure 23 Relative Irradiance -vs- Wavelength
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URVELEM6 III TUNGSTD 1 PUL.8EB XENON U0VELLNG7 t\ TUNC 5TiH PULSED LLENOH
<HM> IftRRD HORN I IRRfiU NORM I :..m> IRRflU NORM J IRRRB NORM I
200 O. 00 0. 00 0. 00 0. 03 700 25. 60 8.77 16.80 O. 16
300 0. 00 0. 00 G. 08 0.00 728 ::.. 5o 0. 80 19.1 0 8. 13
320 0. 00 0. 00 0. 00 0. 00 740 27. 40 0.82 22. 50 0.22
140 0. 00 0. 110 0. 70 0 . O 1 760 29 . 80 0.S9 41.00 O. 39
3CO 0. 10 0. 00 1. 80 O. 02 788 1*. SO 0.39 13.80 O. 13
380 O. 20 0. 01 40 0. 02 800 2 7 . 10 0.31 19.40 O. 19
400 0. 70 0. 02 6. 90 o .or 820 2G . 80 0. 80 13.38 0 . 1 3
420 1. 40 0. 04 ':' 40 O. 09 84 0 27. io 0.31 23. 10 0.25
440 1. 80 0. 05 10. 10 0. IO 860 2y . 30 0.85 1 1 . 90 0. 11
460 ^ A 0 0. 07 14. 10 0.14 880 29 90 O. 30 18.60 0.18
480 3 . 80 0. 11 16. 40 O. 16 900 3l! 68 0.95 85. IO 0. 82
500
i:'
50 0. 17 16. 90 0 . 1 6 920 '-' 20 1.00 83.80 O. 85
57:0 i 50 0. . .! 3 18. 10 0.17 948
:'
_! * 30 1 . 00 70.60 O. 68
540 8. SO 0. 26 18. 80 O. 13 960
'
o 20 1 . 00 15.40 0. 15
560 10. 70 0. 13. 70 O. 18 980 31. 90 0.96 104. OO 1 . 00
580 n. 90 0. 36 19. 70 0. 19 1000 L^y 70 0.86 23.40 O. 23
600 14. 50 0. 14 17. 60 0. 17 1030
j o 20 0.70 7. OO 0.07
620 18. 60 0. 56 26. 10 0.25 1 04 0 16 ! 40 0 . 4 9 3. 80 0.O4
640 2u. yu 0 . 6 3 20. 90 0. 20 1060 9. 40 0.
'?.".! 3. OO 0. 03
660 88 0. 68 21. 30 0.20 1 O80 5. 40 0.16 2.80 0. 03





Measurement of Irradiance versus Step Number
The EG & G 550-1 radiometer and 550-2 multiprobe with flat filter
were used to measure the irradiance of each exposure step. The equip
ment manufacturer claims accuracy of 7% when measuring absolute
Irradiance ln watts per square centimeter using this equipment. Figure 24
shows irradiance on an absolute scale for the quartz halogen (top) and
pulsed xenon (bottom) lamp systems. The aperture was held constant at
eight revolutions open from full closed between readings. Measurements
were taken in the center of the step at the film plane as would be seen by
the film during exposure. Figure 24 shows the logarithmetric variation in
irradiance over the 21 step series.
Because of the nature of this sensitometer, the irradiance at the film
plane should be linearly related to the width of the varying area diaphragm
steps. Figure 25 relates the absolute irradiance measured at the film
plane to physical measurement of the varying area target step widths.
The expected linear relationship can be clearly seen on both the pulsed
xenon (top) and quartz halogen (bottom) distributions. The step widths
plotted are the exact widths in millimeters measured by Kalayanam using
an optical comparitor. (See Table 4 for diaphragm measurements.)
Regression analysis of the irradiance versus diaphragm step width data
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Effect of Aperture Position
A pair of knife edge aperture plates are provided at the cylindrical
lens to control the overall irradiance at the film plane. (See Figure 19
and 20.)
As shown ln Figure 20, the knife edges are arranged to open and
close by the rotation of a single lead screw. The blades meet at the
center of the lens, forming a line parallel to direction of light
"smearing"
from the diaphragm. Rotation of the lead screw moves both blades an
equal distance from the center proportional to the number of revolutions.
Unlike conventional optical systems, the irradiance at the film plane is
related linearly to the distance between the knife edge rather than the
open area. When operating in the linear portion of the sensitometric
curve, the linear distance between the knife edges or number of revolutions
opened from full closed should be linearly related to the density of the
exposed film, (all other variables constant). Figure 2 6 shows this
linear relationship holds true over the range tested (5 to 11 revolutions
open from full closed). By using the sensitometric curve for the material
tested, the density versus aperture revolutions relationship can be
expressed as approximately \/l step per revolution.
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Practical exposures, using the Du Pont Engineering Negative type
film (see Appendix 2) continuous tone developer (Du Pont 24 DL, 24C
rapid access processor) combination, were made using exposure times,
.5 seconds for pulsed xenon lamps, 2.5 seconds quartz halogen, and an
aperture setting of eight revolutions open from full closed. Figure 30
and 31 are examples of practical exposures made at the above conditions.
Sensitometric curves for both pulsed xenon (Fig. 29) and quartz halogen
(Fig. 28) exposures have been plotted. The advantage of dual exposure
lamp systems utilized in this sensitometer is demonstrated clearly by
comparing the sensitometric curve shapes obtained for the same film,
changing only the light source (see Fig. 32). This information is clearly
useful in the graphic arts field, where both xenon and tungsten lamps
are routinely used and cannot be obtained in any other manner.
Exposure Uniformity
One of the most important aspects of any sensitometer Is the repro
ducibility between exposure. To measure this uniformity, six exposures
were made with each lamp type, turning lamps off between exposures to
simulate long term variability. Step densities of each of the uniformly
processed film strips were measured and are listed in Tables 6 and 7.
The average standard deviation and 95% confidence limit ( in percent) is
calculated for each. The average 95% confidence limit is also calculated.
6b
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H & D Curve Pulsed Xenon Lamps
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Figure 29 Step Tablet Practical Exposure Quartz Lamps
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Figure 30 Step Tablet Practical Exposure Pulsed Xenon Lamps
68
This valve is an estimate of the variability that would be experienced in
the long term. The variability measured for the xenon exposures was
about 4% and the tungsten variability about 2%. It is felt that the xenon
exposure variability is more than twice the tungsten because of the
increased restart variability of the xenon lamp output and because of
greater proportional shutter time error, due to the shorter exposure time
(approximately 1/5). The xenon exposure could be improved by using the
aperture to balance exposure times. This would require "stopping
down"
about four revolutions.
Practical Exposures with Graphic Arts Screen Overlays
The single most significant advantage of this sensitometer's design,
over more conventional types, is lack of "step
wedge"
at the film plane
permitting overlays such as graphic arts screens. This permits exact
simulation of the type of exposure often made in the graphic arts, where
dot screens are imposed either at the camera or when copying. This
sensitometer permits this same type overlaying, thus permitting exact
characterization of the effect which otherwise cannot be determined. For
this illustration, a 100 line per inch screen was overlayed to simulate the
common practice in a copy camera. The overall exposure was increased
by a factor of 10 by increasing the exposure time. Figure 33 and 29 show
actual exposures using the overlayed screen. To demonstrate the signi
ficant effect the screen overlay plays in determining the overall sensito
metric system response. Figures 31 and 32 show the H & D response with
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EXPOSURE UNIFORMITY SERIES (XENON .5 SEC)
STEPH STRIPl STRIP2 STRIP3 STRIP4 STRIP5 STRIP6 RVG SD JJCONF
1 4.17 4.18 4.21 4 . 08 4.28 4.21 4. 175 0.049 0.94
2 4.02 4.01 4.04 3.93 4.11 4. 12 4.033 0.070 1 . 39
3 3.75 3.81 3.78 3.69 3. 36 3.S6 3.792 8.066 1.40
4 3.49 3.54 3.51 3.42 3.56 3.57 3.515 0.055 1 . 26
5 3.21 3.25 3.20 3. 18 3. 26 3.31 3.235 0.043 1.18
6 2.89 2.97 2.89 2 . 99 2.99 2.935 O.054 1.46
7 2.57 2. 65 2.56 2.54 2 . 66 2.72 2.617 0.071 2.16
8 2.22 2.33 2.27 2.21 2.38 2.37 2.283 0.063 2. 19
9 1.90 1.94 1.89 1.85 1 . 94 2.84 1 . 927 O.065 2.70
10 1.47 1.57 1.53 1.49 1 . 56 1.68 1 . 537 0. 050 2.59
11 1. 15 1 . 20 1.17 1. 13 1.22 1.24 1.185 0.O42 2.36
12 0.83 0.91 0.38 0.83 0.59 0.92 0.*827 0. 122 11.82
13 0.56 0.59 0.57 8.56 0.45 0.61 8.557 0.056 8.01
14 0.41 0.44 0.43 0.40 0.31 0.44 0.405 0.049 9.74
15 0.28 0.3O 0.30 0.28 0.22 0.31 0.282 0.033 9.23
16 0.20 8.21 8.21 0. 19 0.15 0.22 0. 197 0. 025 10. 19
17 0. 14 0. 14 0.14 0. 14 0. 11 0. 15 8. 137 0.01 4 8.80
18 0. 11 0. 11 0. 11 0. 18 0.09 0. 11 0. 105 0.008 6.33
19 0.09 0.09 0.09 8.09 0. 08 0.08 0.037 0. 005 4.77
20 0.03 0.08 0.08 0.08 0.08 0.07 0.O78 0. 004 4.17
21 0.07 0.07 0.87 0. 07 0.O7 0.07 0. 870 0. 008 0.00
flVERRGE 95 '. REPRODUCIBILITY LIMITS < PERCENT; 4.48
Table 6 Exposure Uniformity Series
- Xenon
EXPOSURE UNIFORMITY SERIES (QUARTZ
STEPtt STRIPl STRIP2 STRIPS STRIP4 STRIPS STRIP6 AVG SD J'.CONF
1 3.81 3.86 3.92 3.96 3.83
O O "7 3.875 0.O56 1.16
2 3.54 3.56 3.63 3. 63 3.53 3.59 3.530 0.044 0.98
o 3.21 3.23 3.28
o -?
Ll . i-i 3. 18 3.24 o o ? ^J O.037 0.92
4 2.81 ? P.'j 2.88 2.86 2. 76 2.86 2 . 832 0.O44 1.24
5 2.41 2.38 2. 46 2.44 .34 2.45 2.413 O.046 1 . 54
6 1.93 1 . 94 2.0O 1 . 99 1 . 89 2. OO 1 . 967 0.044 1.78
7 1.53 1.49 1.54 1 . 54 1.44 1.54 1.513 0.041 2.16
8 1. 11 1 . 07 1.12 1. 12 1.85 1. 14 1. 102 0.034 2.49
9 8.77 0.75 0.79 0. 79 0.73 0.80 0.772 0. 027 2.81
10 0.50 0.49 0.52 0.52 0.49 0.53 0. 503 0.017 2.71
11 0.33 0.32 0.33 0.35 0.32 0.34 0.332 0.01 2 2.82
12 0.22 0.21 0.22 0.22 0.21 0.22 U.217 0. 005 1.91
13 0. 14 0. 14 0. 14 0. 14 0. 13 0.14 0. 133 0.00 4 2. 36
14 0.11 0.11 0 . 1 0 0. 11 0. 11 0. 11 0. 108 0. 004 3.02
15 0. 09 0.09 0.09 0.09 U.09 0.09 8. 090 0. 000 0. 00
16 0.08 0.O3 0.08 0.08 0.08 0.08 0. G08 0. ooo 0.00
17 0.07 0.07 0.07 0.08 0.03 0.07 0. 073 0. 00 5 5.63
18 0.07 0.07 O.07 0.07 8. 87 0.07 0. 070 0. 003 0. 00
19 0.O7 0.07 0.07 0. 07 0 . 0 ? 0.07 0. 070 0. 000 0. 00
20 0.07 0.07 0. 07 0.07 0.07 0.06 0. 868 0. 004 4.73
21 0.07 0.07 O.07 0.07 0. 07 0 . 0 7 8. 070 0. 000 0.00
ftVERHGE 95 \ REPR!ODUCIBILITV LIMITS (PERCENT,i 1.82
Table 7 Exposure Uniformity Series
- Quartz
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and without the screen overlay for xenon and tungsten exposures. The
direct screen overlay permits this comparison to be made easily. This Is
the only method that can accurately characterize the Inherent differences
which will occur when changes of light source, film, screen, and
development occur.
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Figure 31 Step Tablet w/ G.A. Screen Overlay
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Figure 33 Step Tablet w/GA Screen
- Tungsten
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Figure 34 Step Tablet w/GA Screen
- Xenon
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APPENDIX ONE - SENSITOMETER OPERATION
76
Sensitometer Operation - Component Overview
This section provides information needed to operate the sensito
meter. A more complete description of the equipment is contained in
Sections 1-3.
The sensitometer system is comprised of two main sections. The
upper section covered with aluminum panels contains the light sources,
reflector, stepped area target, shutter, cylindrical lens, aperture, and
vacuum easel (exposure plane). These can be seen by removing the
front panels using the knerlled screws (see Figure 35). These should
be installed before operating since the PXA lamps can cause eye damage
due to their UV emission.
The lower section of the sensitometer (grey electronics cabinet)
contains the power supplies for the tungsten and pulsed xenon lamps
as well as the shutter control unit.
To make an exposure, the desired lamp and shutter operating conditions
are set, film is placed emulsion up on the vacuum easel, and the vacuum
pump is started. The vacuum pump is located on the right side of the
sensitometer between the electronics cabinet and the wall. A foot-





C - Stepped Area Diaphragm
D - Shutter
E - Lens and Aperture Assembly
F - Vacuum Easel
G - Power Supply and Exposure Control Unit
H - 115 volt supply
I - 220 volt supply
Figure 35 Operational Sensitometer
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Power Supply and Exposure Control Switches
Figure 36 is provided to acquaint the user with the switch and
control settings referred to in the
"Operation"
section.
The electronics cabinet contains three main sections: Top -
Tungsten power supply; Center - Exposure control unit; and Bottom
Pulsed xenon power supply.
Tungsten Power Supply Controls - (See Figure 36)
1. Current selector
"thumbwheel"
2 . AC power ON
3. Control monitor meter
4. Lamp current meter
5. Output current control
6. Output ON (momentary contact)




10. Main AC power
11 . Manual open and close
Pulsed Xenon Power Supply
12. Tungsten/Xenon selector
13. Xenon AC power
14. Xenon START pushbutton
15. Tungsten ON indicator
16. Xenon ON indicator
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A - Current Selector Thumbwheel (1)
B - AC Power (2)
C - Control Monitor Meter (3)
D - Lamp Current Meter (4)
E - Output Current Control (5)
F - Output On Switch (6)
G - Current Range Selector (7)
H - Exposure Timer (8)
I - Exposure Start (9)
J
- Main Power (10)
K - Manual Open/Close Pushbuttons (11)
L - TungstenAenon Lamp Selector (12)
M - Xenon Power Supply AC Power (13)
N - Xenon Start Pushbutton (14)
O - Tungsten On Indicator (15)
P - Xenon On Indicator (16)
Fiaure 36 Exposure Control Unit and Power Supplies
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Pulsed Xenon Power Supply
The design and layout of the PXA power supply components and
wiring provided the insulation required for the high (>10 kv) starting
voltages. Low resistance electrical contacts were used to handle the
high peak currents. The PXA lamps were mounted with metallic clips to
provide good heat dissipation to the aluminum lampboard. The seal for
the lamps cannot withstand temperatures greater than 200C.
The schematic for the pulsed xenon power supply is shown in
Figure 3 7. With the main AC supply switch on (10), xenon AC power
switch on (SW#3) , and the tungsten/tenon switch in the xenon position
(SW2), 120 vac will be applied to the auto-transformer. This in turn
applies voltage across the xenon lamps; however, the peak voltage is
not high enough to ionize the xenon tubes. The ionizing voltage is
provided by the starting transformer (Tl). spark gap (SGI), capacitor
(C2), and power transformer. When the "start
PXA"
pushbutton (SW1) is
depressed, the required ionization voltage is provided, and the resistance
of the 4 PXA lamps in series drops to the order of a few ohms. The lamps
continue to conduct in this low resistance state for approximately
1/1 000 second every half cycle of the 60 cycle/second mains frequency
driven by the main power transformer. The starting circuit is required
only to
"start"
the lamp and should be deactivated by releasing the
"start
PXA"
button about 2 seconds after the lamps have acquired full
brilliance. The lamps may then be turned off by turning off the PXA AC
ml c
240 Volts, 60 Hz
Switch SW 3
I - SW 2





























Tungsten Power Supply (EG & G 590-1 IA)
The EG & G 590-1 IA power supply was specifically designed for
use ln calibrated lamp systems. The power supply furnished programmed
voltage and RMS regulated current in preset combinations at power levels
ranging from 2
- 1000 W. The maximum output voltage is set by patching
selected terminals on the rear panel. When the patch connections are
made as described in the "Operation of Tungsten Lamps, "page 91, the
maximum voltage is 120 V. The chopper-stabilized square wave lamp
current is feedback-regulated within .25% of the selected digital RMS
value (current select thumbwheels). Figure 38 shows the functional
block diagram for the 590-1 IA power supply. Incoming 115 VAC is
rectified, filtered, compared to the selected maximum output voltage,
and converted to pulsating square wave output. The output
current is
sensed amplified, compared to the thumbwheel nulling supply,
and the
net result is displayed by the
"increase/decrease"
nulling meter as
modified by the thermal element. An ammeter also senses the
output
current with an approximate 2% accuracty. After initial setting of the
output current with the ammeter, the output current
should be regulated
by observing the Control Monitor Meter,
Figure 36, #3. The control
monitor has a three-colored operational scale. The blue area (increase)
is the initial status of power supply operation

















































an Increase in output (clockwise rotation of current control, Figure 36,
#5). The green area (operate) is the null region which Indicates that the
power supply is operating within its 0.25% current accuracy. The red
area (decrease) indicates that the power supply is above the set current
and that a decrease in output (counter-clockwise rotation of current
control) is required.
Chassis Interconnections
Wiring between the chassis was done using cable connector pins
and sockets to facilitate removal of individual chassis for inspection
and trouble-shooting. Figure 39 shows the details of the interconnection
among the three chassis. Quartzline lamp power supply chassis, exposure
chassis, and PXA lamp power supply chassis, and also connections to
the lamps and shutter assembly.
Two cable connector sockets were installed in the instrument frame
work between the lampboard and shutter frame, and all connections from
the power supply units and exposure unit to the lamps and shutter assembly
were made through cable connector pins which mated these two sockets.






Operation of Exposure Control Unit
The shutter mechanism is actuated by the Exposure Control Unit
located in the power supply cabinet. Figure 40 shows the circuit
diagram for the operation of the shutter. The sequence of operations for
exposing a test film strip is as follows:
1. Turn the switch (SW1) on in the Exposure Chassis. DC
power is available to shutter solenoid circuits, and AC power is
available at one end of the Exposure Start pushbutton switch.
2. Set the lamp selector switch (SW2) to PXA or QZ as desired,
and bring the lamps to full stable brilliance by following the steps
outlined on page 89 for PXA lamps or page 91 for the Quartzline
lamps.
3. Set the desired exposure time on the timer in the Exposure
Control Unit, and lock the setting.
4. Place the film, emulsion up, on the center of the vacuum
easel. Start the vacuum pump by depressing the foot switch. As
the vacuum pump draws the film down, smooth the film to assure the
film is held flat.
5. Momentarily press the Exposure Start pushbutton switch.
Relay (R2) is energized and is held on through its own normally open
contact (R2-1). Timer clutch is energized, and Timer is on.
Simultaneously, the Timer Contact (T-l) opens, and (T-2) closes
causing the Close Solenoid to become inactive and energizing the
87
EP6-1
115 Volts, 60 Hz
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Open Solenoid. The shutter plate held on by the Open Solenoid
armature is released, and the film strip is exposed to the light
source.
After the set time is elapsed, the timer contact (T-2) opens, and
(T-l) closes causing the Open Solenoid to become inactive and energizing
the Close Solenoid. The shutter plate held on by the Close Solenoid
armature is released, and the light is cut off from the film strip. At the
end of its travel, the shutter plate held on by the Close Solenoid arma
ture till then,momentarily closes the switch (SW5). This causes the
shutter motor to run. Simultaneously, the momentary closure of switch
(SW5) causes the relay (Rl) to energize. Relay contact (Rl-1) closes
and provides a holding circuit for the relay (Rl) and the shutter motor
through the closed contact of switch (SW4) . The shutter motor pushes
both the plates of the shutter - one held by the Open Solenoid armature
and the other by Close Solenoid armature
- back to their normal position.
Since openings in the two plates of the shutter are staggered, no light
is admitted to the film while resetting. The plate normally held by the
Open Solenoid armature at the end of its travel is held by the de-ener
gized Open Solenoid armature. The shutter plate normally held by the
Close Solenoid armature goes a slight distance past the Close Solenoid
armature and momentarily opens the switch (SW4) . This cuts off the
power to shutter motor and relay (Rl) and the holding circuit. The
shutter motor stops. The shutter plate normally held by the Close
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Solenoid armature retracts and is held by the armature of the de-energized
Close Solenoid. The shutter is reset and ready for the next exposure.
The opening and closing of the shutter can also be done manually.
The Open pushbutton switch should be kept pressed during the entire
exposure period desired. The Open pushbutton switch should be released
at the end of exposure. Though the shutter will shut off the light falling
on the film strip at this time, it is necessary to reset the shutter by
momentarily pressing the Close button.
Operation of PXA Lamps
1 . Turn the switch (SW1) on in the Exposure Control Unit.
2. Turn the Lamp selector switch (SW2) in the PXA lamp power
supply chassis to
"PXA."
3. Depress the "Start
PXA"
pushbutton switch for about two
seconds and release.
4. Allow about one minute for the circuits to achieve stability.
5. Set the exposure time on the Timer in the Exposure Control
Unit, and lock the setting.
6. Place the film, emulsion up, on the center of the vacuum easel
Start the vacuum pump by depressing the foot switch. As the vacuum
draws the film down, smooth the film to assure the film is held flat.
7. Momentarily press the "Start
Exp"
pushbutton switch in the
Exposure Chassis.
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8. After the set exposure time elapses, the shutter Is automati
cally closed. The sound of closing and resetting of the shutter is
unmistakable.
9. Stop the vacuum pump to remove the film sample.
10. To turn off the PXA lamps, turn off the switch (SW3) in the
PXA lamp power supply chassis.
Suggestions for Safe Operation (PXA Lamps)
1 . The PXA lamps operate with high voltage on its terminals
that remain on even after the power is turned off due to a charged
capacitor in the power supply. To avoid electrical shock, any exposed
metallic parts or electrical connection should not -be touched unless they
are disconnected from the power supply and proven to have no voltage by
a voltmeter connected between the part and ground.
2. The PXA lamp emits short wave ultraviolet radiation that can
be harmful to human eyes or unprotected skin. To guard against direct
or reflected radiation, ultraviolet absorbing materials such as glass,
clothing, or other suitable protective materials should be used.
3. Lamp operation may be accompanied by sparking at switches,
relays and socket contacts, and corona discharge or flashovers from the
high voltage circuits. This instrument should not be used in atmospheres
containing explosive or flammable dust or vapors.
4. Operation of the PXA lamps with fingerprints or grease on the
surface may cause devitrification of the quartz. If the lamp surface
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becomes dirty or has been touched, it should be cleaned by washing first
with a swab moistened with pure acetone and then with another swab
wetted with distilled water. It should then be carefully dried with a
clean cloth or cotton.
5. Life of the PXA lamps is affected more by the starting of the
lamps rather than the duration for which they are lit. The more starts
per burning hour of the lamps, the shorter the lamp life.
Operation of Tungsten Lamps
1. Turn the switch (SW1) on in the Exposure chassis.
2. Turn the Lamp selector switch (SW2) in the PXA lamp power
supply chassis to
"QZ."
3. Insure that the following switches in the EG & G power supply
for the quartzline lamps are in the off position: AC power switch,
meter lamps switch, current control switch (fully counter-clockwise
is the off position), output switch (center position is the off position).
4. The patch cables are connected in the rear jumpers of the
power supply unit to provide 30 volts across each of the four
quartz-
line lamps. Insure that the patch cable connections have not been
changed. They should be: patch cable 1 from R to 1Y, patch cable 2
from IB to 3Y, and patch cable 3 from 3B toW.
5. Set the Volts FS range switch to 300 volts.
6. Set the Amp FS range switch to 10 amp.
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7. Set the Current select switches to the desired current value,
which Is 6.6 amperes for the quartzline lamps.
8. Place the AC power switch in the quartzline lamp power
supply unit to on position.
9. Place output switch (momentary contact) to on. Current
meter will indicate a small initial current. Rotate Current Control
slowly clockwise until ampere reading on Current meter approximates
the setting of Current Select switch. Set the meter reading slightly
higher.
10. Allow ten seconds for Control Monitor meter to reach the
green balance area.
11. Observe Control Monitor meter. If indicator is in the blue
region (increase), Increase Current Control until indicator is within
green region (operate). If indicator is within red region (decrease),
decrease Current Control until indicator is within green region
(operate). For the best operation, the Current Control should be in
the upper 1/3.
12. The lamps are now in operation and will after lamp warmup,
remain stable throughout their operating period.
13. Set the exposure time on the Timer in the exposure chassis
and lock the setting.
14. Momentarily press the "Start
Exp"
pushbutton switch in the
exposure chassis.
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15. After the set exposure time elapses, the shutter is automatically
closed. The sound of closing and resetting of the shutter is unmis
takable .
16. Stop the vacuum pump to remove the film sample.
17. If for any reason, standby operation is desired, reduce
Current Control to off slowly for maximum lamp life. Then place
output switch to off. This operation will automatically remove power
from the light in the lampboard, but retain the power supply in the
ready condition. Before operation can be resumed, Current Control
must be returned to off, the detent position.
18. Upon completion of operation, reduce Current Control to
off, and place the output switch to off position.
Suggestions for Safe Operation (Tungsten Lamps)
1. Any metallic part or electrical connection in the lampboard
should not be touched unless it is disconnected from the power supply
and proven to have no voltage by a voltmeter connected between the
part and the ground.
2. This instrument should not be used in atmospheres containing
explosive or flammable dust or vapors.
3. Careless or rough handling of the lamps should be avoided.
Abrasions and scratches could result in shattering of the lamp.
4. The lamps should not be operated at more than 30 volts or at
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5. Though the enclosure for the lamp filament in the Quartzline
lamps filters out the ultraviolet radiation, direct viewing of the lamp
with unprotected eye from a close distance for a prolonged time should
be avoided to minimize the harmful effect of the radiation.
6. Operation of the Quartzline lamps with fingerprints or grease
on the surface may result in reduced performance and shortened service
life. If the envelope becomes dirty or has been touched, it should be
cleaned by washing first with a swab moistened with pure acetone and
then with another swab wetted with distilled water. It should then be
carefully dried with a clean cloth or cotton.
TECHNICAL DATA SHEET





Is a high contrast camera speed negative designed for
{he production of line and screened images, providing
excellent dimensional stability, rapid drying and wide
processing latitude in either litho or continuous tone
type developers; including high temperature, fast ac
cess processing.
SENSITOMETRIC CHARACTERISTICS





























































H-rdnnss 100C melt point
halation protection: Non-halation backing
MAX PROCESSING Tf.MP: 135F
LINEAR DFNSITY SCALE 4.0+
LINFAR EXPOSURE SCALE:













































ER Processor, PDC @ 110F, 6 fpm
ACUTANCE 6400
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Engineering Negative 7-mil (EN-7)
Thermal Coefficient














1) Speed: Exposure Index for use with meters marked with ASA speeds
Litho - 2 minutes - CLLD @
70
(Speed point: D=1.0)
CT - ER processor - PDC @ 110, 6 fpm (Speed point: D=1.0)
2) Filter Factors (Wratten) 8 15 47B 58
Xenon 3.2 8.5 18 7.7
TUngsten
3200
K 1.9 4.2 36.5 4.6




It is recommended that the Lamp Power
Supply, Model 590-11A, bt- inspected every
throe months in accordance with the follow
ing procedures.
To gain access to the Power Supply
chassis, proceed as follows (refer to Fig
ure 4, Rear View):
a. Remove four nuts located at cor
ners of Power Supply back panel.
b. Do not disconnect a-c power cable.
c. Slide Power Supply chassis forward
in case as far as it will go (use
handles on front of chassis and on
side of case).
d. Move AC POWER circuit.breakers
to ON (PWR-and STBY. lamps will
light). Check thermal element
cycle light (DS10) to ensure that
thermal oven is operating. Move
AC POWER circuit breakers to
OFF.
e. Disconnect a-c power cable from
a-c power source voltage.
f. Remove dust from all parts, con
nections, and joints of Power Supply
by vacuuming.
g. Perform a visual inspection of
Power Supply.
h. To replace Power Supply chassis
into case, perform the following
two steps;
(1) Slide Power Supply chassis
toward rear of case as far as
it will go.
(2) Secure lour nuts to screws in
corners of Power Supply rear
panel.
i. Clean screen filter of fan in ac
cordance with tho following pro
cedures:
(1) Remove four nuts securing
screen filter of fan to Power
Supply. Remove screen filter.
(2) Blow font screen filter using
high-pressure air.
(3) Replace screen filter and se
cure to rear of Power Supply
using four nuts.
j. Clean and reset (ifnecessary) con
nectors of plug-in (patch) jumper
cables.




It is suggested that commonly the Lamp
Power Supply, Model 590-1 IA, be returned
to the factory for repair; however, should
a malfunction occur and factory return not
be feasible, reference should be made to the
troubleshooting methods described in Table
3 and to the schematic diagram, Figure 8.
Faults in the Power Supply circuitry can be
localized with reasonable success by a
qualified electronics technician when the
operating principles are fully understood.
Initially, eliminate obvious defects such as
burnt parts or wiring, blown fuses, loose
connectors, etc. ; then perform the indicated
Appendix 3
98
Table 3. Troubleshooting Chart lor Lamp Power Supply, Model 590- 1 IA.
| Trouble Probable Cause Remedy
A-C power on, cucuil breakers ON. OPER. light
on, no current indication on CURRENT meter.
Open connection to load. Check for open connection.
A-C power on, circuit breakers trip when
switched to ON position oi when bunging up
CURRENT CONTROL.
Output shorted externally. Check lor external shod.
A C power on, circuit brcakeis ON, OPER. light
on. tiips back to STBY when CURRENT CON -
TROL is increased.
( 1) Ovcivoltagc circuit malfunction due to
biokcn wire or bad zener diode (CR38) or
SCRICR39).
(2) Voltage selected on patch panel insufficient
for lamp in use.
(1) Check and repair overvoltage circuit.
(2) Select proper voltage on patch panel (see
Tables 1 and ft.
A-C powei on, circuit breakers ON, OPER. light
on, CURRENT meter |M2) indicates slightly higher
current than that set on CURRENT SELECT.
CONTROL MONITOR does no! operate.
'
(1) Thermal oven (A2) malfunction.
(2) Difference amplifier malfunction (PCI).
(3) Chopper malfunction.
(1) Replace thermal element (VI).
(2) Check for bad transistor in difference
amplifier.
(3) Replace chopper (Gl).
(4) Recalibrate (sec subsection 13).
A- C powei on, rncuit breakers ON, OPER. light
on; CONTROL MONITOR pointer is pinned up
scale.
(1) Thermal element (VI) open. (1) Replace thermal clement (VI).
(2) Recalibrate (see subsection 4.3).
A-C power on, circuit breakers ON, OPER. light
on; CURRENT meter indicates slightly higher
current than that set on CURRENT SELECT.
CONTROL MONITOR pointer is pinned up-scale.
(1) Thermal element has shorled bead.
(2) Compensation amplifier malfunction .
(1) Check thermal element for shorled
bead.
(2) Check compensation amplifier.
(3) Recalibrate (see subsection 4.3 1.
A-C power on, no output; switch from STBY. to
OPER. does not operate.
Relay (Kll faulty. Replace relay (Kl).
Thermal oven cycle light (DS10) does not operate. (1) Theimal oven (RT1) mallunclion. (I) Replace thermal oven (RT1).
(2) Recalibrate (see subsection 4.3).
Output Failure (trips circuit breaker). (1) Powei oscillator malfunction.
(2) A-C control circuit malfunction.
(1) Check power oscillator (see sub
section 4.2).
(2) Check a-c control circuit (see sub
section 4.2).





procedures of Table 3 (see also Figure C
for.locations of functional circuits). If the
suggested remedy does not correct the fault,
reexamine the circuit descriptions given in
subsection 3.2 and further analyze the
trouble. The special considerations given
in the following paragraphs should be ob
served when checking circuit operation.
Do not use an oscilloscope on the
power oscillator or SCR bridge,
unless it is operated from an ex
ternal, isolated d-c power supply.
The chopper (Gl ) case must be
isolated from ground by a non-
metallic mounting screw.
Power Oscillator Check
With a-c power off, operate the power
oscillator from an external, isolated d-c
power supply, gradually increasing the
voltage to a maximum of 20 V. Measure
the output across the internal load resistor
(R71) in the output transformer (Tl) stage.
Look for a square-wave output. The cur
rent drawn in the operating mode should be
in the 200 i25 mA region.
AC Control Circuit Check
Checkout of the a-c control circuit
should be accomplished by disconnecting
the power oscillator, and then operating an
external load across the filter capacitor
(C2) while monitoring the a-c input current.
'()12-Volt Power Supply Check
With 115-V a-c input power applied to
the a-c control circuit, check the 12 -V
amplifier power supplies.
4.3 CALIBRATION
It is suggested that the Lamp Power
Supply, Model 500-1 IA, be returned to the
factory for recalibration every eight months
(or sooner if recalibration is indicated by
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